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1. Infrared Measurement 
In our experiment, the exfoliated few-layer graphene (FLG) samples on bulk SiO2 (quartz) 
and Si/SiO2 substrates were first examined by infrared (IR) spectroscopy. The 
measurements were performed in both reflection and transmission geometry using a 
micro-Fourier Transform Infrared spectrometer with a globar source and a HgCdTe 
detector. As the intrinsic infrared response of FLG on bulk SiO2 and Si/SiO2 substrates is 
the same, here we only present results for the bulk SiO2 substrate since the analysis of the 
optical measurements is simpler. To determine the optical sheet conductivity σ(ħω) of the 
FLG samples as a function of photon energy ħω, we follow the same method as our 
previous work in monolayer [S1] and tetralayer [S2] graphene. We recorded the 
reflectance spectra of both the FLG films on the quartz substrate (RFLG) and of the bare 
substrate (Rsub). We obtain the optical conductivity σ(ħω) directly from the fractional 
change of the reflectance as  
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Here c denotes the speed of light in vacuum and nsub is the frequency-dependent 
refractive index of the quartz substrate.  
The IR optical conductivity provides an effective probe to the electronic structure of FLG. 
While the low-energy (< 0.7 eV) conductivity reflects the details of electronic structure 
and doping level, the high-energy (> 0.7 eV) part provides a precise identification of 
layer thickness. For photon energies well above the interlayer coupling (~0.4 eV), FLG 
graphene behaves much like independent graphene monolayers and its optical 
conductivity is nearly independent of the stacking sequence. Since graphene monolayer 
has an optical conductivity of πe2/2h in this spectral range, we can identify the trilayer 
graphene by the expected conductivity value of 3×πe2/2h. Taking this as guidance, we 
found in total 45 trilayer graphene samples.  
We observed two distinctive groups of IR response in the optical conductivity spectra of 
trilayer graphene, as shown in Figure S1 (a). The first kind of spectrum (green line) 
shows an absorption peak at 0.53 eV, which matches the result of ABA trilayer graphene 
[S3]. The second kind of spectrum (red line) exhibits two narrow peaks at 0.33 and 0.39 
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eV. This distinct IR response spectrum of trilayer graphene, which is found in ~ 10% of 
our samples, has not been reported previously. It indicates the presence of a low-energy 
electronic structure different from that of ABA trilayer graphene. In addition, we have 
also observed IR spectra with both the features of the previous two kinds of spectra. This 
third type of spectrum, found in ~30% of our trilayer samples, can be described as a 
linear combination of the first two kinds of spectra [Figure S1 (b)].  
These observations immediately lead to the consideration of the different crystallographic 
stacking sequences in trilayer graphene. The possible low-energy arrangements of 
adjacent layers of graphene are obtained by displacement of one layer along the direction 
of the honeycomb lattice by a carbon-carbon bond length. We associate these two basic 
types of spectra with the two distinct low-energy crystallographic structures of trilayer 
graphene [S4]: ABA (Bernal) or ABC (rhombohedral) stacking (Figure 1 in the paper). 
The existence of different stacking order in FLG and its strong impact on electronic 
structure have been demonstrated experimentally by IR spectroscopy [S2]. Following this 
work we assign the first and second kind of spectrum to trilayer graphene with ABA and 
ABC stacking order. The third kind of spectrum is attributed to the trilayer samples with 
mixed stacking order. 
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Figure S1.  Optical conductivity of different trilayer graphene samples. (a) Spectra of trilayer 
with ABA (green line) and ABC (red line) stacking order. (b) The spectrum of a trilayer sample 
with mixed stacking order (orange line). The spectrum can be described as a linear combination 
of 67% ABA stacking and 33% ABC stacking (dashed blue line). The slight discrepancy may 
reflect different doping and strain levels. 
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2. Analysis of trilayer 2D-mode Raman spectra 
As shown in Figure 2 in the paper, ABA and ABC trilayer graphene exhibit distinct 2D-
mode Raman lineshapes. The 2D band arises from a double-resonance process that 
involves inter-valley (i.e. between the K and K’ point) scattering in the Brillouin zone 
and resonant electronic transitions. As trilayer graphene has three valence and three 
conduction bands, many electronic transitions can contribute to the 2D band. A recent 
study by group theory shows that up to 15 peaks in the 2D band are possible in ABA 
trilayer graphene [S5]. In practice, however, we may consider fewer transitions, since 
many of them have close energy separations.  
We have fit the 2D-mode Raman spectra of ABA and ABC trilayer graphene with 
multiple Lorentzian functions. The FWHM of all the Lorenztian functions are fixed to be 
the same as that of the 2D band of monolayer (~25cm
-1
). We only vary the peak positions 
and intensities. We found that a good fit can be achieved with 6 Lorentzian functions. 
Figure S2 (a-h) shows such for both ABA and ABC trilayer graphene samples for all 
excitation energies. The differences in the spectra and, correspondingly, in the fitting 
parameters, become more prominent as the excitation photon energy decreases. This 
trend presumably reflects the more pronounced differences in electronic structure at low 
energies for the two stacking orders. 
We have also considered the shift of the 2D band as a function of the excitation energy. 
We extract the mean Raman shift by averaging the 2D band spectra weighted with the 
spectral intensity. As shown in Figure S3, ABA trilayer graphene has a higher mean 2D-
band Raman shift than ABC trilayer, but a very similar dispersion. 
To investigate substrate effects on our method, we performed the Raman measurements 
on free-standing ABC-stacked trilayer graphene samples. The samples are prepared by 
mechanical exfoliation of kish graphite on quartz substrates with pre-patterned trenches. 
Some parts of the ABC trilayer graphene covering the trenches are suspended.  They are 
thus isolated from any perturbation induced by the substrates. Figure S4 shows the 
Raman 2D-mode spectra recorded for supported and suspended parts of a single ABC 
trilayer sample. Apart from a slight shift of frequency, both spectra show essentially the 
same lineshape. The difference of FWHM obtained by single-Lorentzian fits is within 
1cm
-1
. According to the literature [S6-9], such substrates typically induce an 
unintentional doping of n ~ 5 x 10
12
 cm
-2
 in graphene, which varies from sample to 
sample and is also inhomogeneously distributed on a submicrometer scale within a given 
graphene sample.  Our results show that the corresponding changes in the 2D-mode 
lineshape are very slight and do not impair our ability to distinguish between ABA and 
ABC stacking order.  
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Figure S2.  2D-mode Raman spectra of graphene trilayers with ABA (left) and ABC (right) 
stacking order at different excitation energies. The black lines are experimental data. The red 
lines are fits by 6 Lorentzian functions, all with a FHWM of 25 cm
-1
. The lines of other colors are 
the Lorentzian components of the fits. 
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Figure S3.  Mean Raman shift of the 2D-mode features for graphene trilayer with ABA (green 
triangles) and ABC (red dots) stacking order for different excitation laser energies. The data are 
obtained by averaging the Raman shifts weighted by the corresponding spectral intensity in the 
2D-mode spectra. 
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Figure S4.  Raman 2D-mode spectra from an ABC trilayer sample supported on a quartz 
substrate (blue line) and suspended over a trench. The two spectra show very similar lineshapes 
and widths. The difference of FWHMs obtained by the single-Lorentzian fits is less than 1 cm
-1
. 
The excitation laser wavelength is 532 nm. 
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3. Thermodynamic stability of ABC stacking order  
We investigated the thermodynamic stability of the ABC stacking order in trilayer 
graphene by annealing the samples to high temperatures. We first chose a piece of 
pristine trilayer sample with mixed stacking order and examined its domains of stacking 
by the Raman mapping of the FWHM of the Raman 2D mode [Figure S5 (a), which is the 
same as Fig. 4(c) in the main body of the paper]. The ABA and ABC domains are clearly 
encoded as the red and yellow colored regions in the Raman image. We then annealed the 
same sample in an argon environment at different temperatures and subsequently 
examined the structure of the domains by Raman mapping. We found that the domains of 
ABC stacking remained stable up to 800 ºC, the maximum annealing temperature in our 
experiment. Figure S5(b) displays the Raman image after annealing the sample at 500 ºC 
for 10 hours. The domains of ABA and ABC stacking, still recognizable as the red and 
yellow regions, are unaltered. We note that the image contrast in the Raman mapping 
between the domains of ABA and ABC stacking is reduced by the thermal processing 
cycle. We attribute this to the introduction of excess doping and disorder in the sample, 
leading to broadening of the Raman 2D feature. We further confirmed the stacking order 
by IR spectroscopy, as discussed above in Sect. 1 of the Supplementary Material.  
 
        (a)                                                                              (b) 
                   
Figure S5.  Influence of thermal annealing on the domains of different stacking order in trilayer 
graphene. Panels (a) and (b) display spatial maps of the spectral width of Raman 2D-mode feature 
for a pristine trilayer graphene sample (a) and for the same sample after thermal annealing in an 
argon environment at 500 ºC for 10 hours (b). The Raman images are color coded according to 
the width of the Raman feature (FWHM in units of cm
-1
). The red and yellow regions in the 
images correspond, respectively, to ABA and ABC trilayer graphene domains. The scale bars are 
10 μm in length. 
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